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The exercise electrocardiographic ST segment/heart rate
slope accurately identifies three vessel coronary disease
in patients with stable angina, but the method is less
accurate in predischarge testing after recent myocardial
infarction. To assess the effect of both recent «3 weeks)
infarction and remote (>8 weeks) Q wave infarction on
the ST segment/heart rate slope, the predictive value of
a slope greater than 6.0 #LV/beat per min for the iden-
tification of three vessel coronary artery disease was eval-
uated in 113 patients.
The 58 patients with stable angina, including 17 with
remote Q wave myocardial infarction, were similar to
the 55 patients with recent myocardial infarction with
respect to age and peak exercise heart rate. In patients
with stable angina and no prior Q wave myocardial in-
farction, an ST segment/heart rate slope greater than
6.0 had a sensitivity of 92% (11 of 12), a specificity of
97% (28 of 29) and a positive predictive value of 92%
(11 of 12) for three vessel coronary artery disease. In
Assessment of the maximal rate-related change in ST seg-
ment depression by linear regression analysis of the exercise
electrocardiogram (the ST segment/heart rate slope) has been
shown to accurately separate patients with stable angina
according to the anatomic extent of disease 0-3). Previous
studies from our laboratory have confirmed the ability of an
ST segment/heart rate slope of 6.0 /LV/beat per min or more
to identify three vessel coronary disease (4) or functionally
severe two vessel coronary disease (5) in patients with stable
angina. However, the ST segment/heart rate slope has oc-
casionally been found to be in the normal range despite
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patients with stable angina and remote Q wave infarc-
tion, sensitivity was 83% (5 of 6), specificity was 91%
(10 of 11) and positive predictive value was 83%
(S of 6).
After recent infarction, test specificity for three vessel
disease was preserved at 95% (39 of 41), but test sen-
sitivity was poor (3 of 8). This was confirmed by eval-
uation of six additional recent patients with infarction
and three vessel disease, Among the combined group
with recent infarction, test sensitivity for three vessel
disease was only 29% (4 of 14), significantly lower than
in patients with stable angina (p < 0.005). The markedly
reduced sensitivity and positive predictive value after
recent myocardial infarction are important limitations
of the ST segment/heart rate slope, but the method is
highly accurate for the identification of three vessel coro-
nary artery disease in patients with stable angina.
(J Am Coil Cardiol1986;8:267-73)
important coronary disease when measured during predis-
charge exercise testing after acute myocardial infarction (6).
This observation requires quantification, because some stud-
ies of the slope have not specifically excluded patients with
recent infarction from evaluation (7,8), and the potential
effect of such admixture on slope test accuracy remains
unclear.
To further evaluate the sensitivity of the ST seg-
ment/heart rate slope for the detection of coronary disease
and to test accuracy for the identification of three vessel
coronary disease, exercise electrocardiographic and angio-
graphic findings in patients with recent infarction were com-
pared with findings in patients with stable angina with and
without prior Q wave infarction.
Methods
Study patients. The study group included 113 patients
with stable angina or recent myocardial infarction who had
an exercise electrocardiogram in conjunction with coronary
0735-1097/86/$3.50
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angiography. Significant disease was defined as 75% or
greater narrowing of vessel luminal diameter, with left main
luminal narrowing of 50% or greater scored as the equivalent
of two vessel disease, according to the criteria of Elamin
et aI. (1,2) . Of seven patients with stable angina who had
left main coronary artery disease, five had additional three
vessel disease and two had additional two vessel disease .
Each of the three patients with recent infarction who had
left main disease had additional three vessel disease.
Stable angina. There were 58 patients with stable an-
gina, defined as effort-related chest discomfort suggestive
of reversible myocardial ischemia, including 48 men and
10 women whose mean age was 52 ± 10 years (range 32
to 74). Exercise electrocardiography and coronary arteri-
ography were performed within a mean period of 12 ± 2
weeks . No patient developed unstable angina or myocardial
infarction or underwent coronary revascularization between
studies.
Among the 58 patients with stable angina , 17 had evi-
dence of prior Q wave myocardial infarction on the supine
electrocardiogram (9), but in no case had infarction occurred
within 2 months of exercise testing. Q wave myocardial
infarction was diaphragmatic or posterior in location in 10
patients and anterior in the remaining 7 patients. Sixteen of
the 58 patients had no significant coronary artery disease
(defined as 75% luminal obstruction), 4 had one vessel, 20
had two vessel and 18 had three vessel disease. Prior Q
wave myocardial infarction was present in 1 patient with
one vessel, 10 patients with two vessel and 6 patients with
three vessel disease. At the time of exercise testing, 47%
(27 of 58) of the patients with stable angina were taking a
beta-adrenergic blocking agent, but none was taking digi-
talis. Previous studies by Kardash et aI. (3) and from our
laboratory (4) have validated the accuracy of ST seg-
ment/heart rate slope measurement in patients taking beta-
blocking drugs.
Recent myocardial infarction. Fifty-five patients were
evaluated after recent myocardial infarction, including 49
consecutive patients drawn from a prospective study of the
natural history of infarction who had undergone predis-
charge cardiac catheterization and exercise electrocardio-
grams . Because there were only eight patients with three
vessel disease in this group, six additional but nonconsec-
utive patients from the same prospective study were added
because catheterization revealed three vessel disease. Thus,
14 patients with three vessel disease were included in this
report ; these represent all patients with three vessel disease
among 100 consecutive patients who underwent catheter-
ization after recent infarction.
The 49 consecutively studied patients with recent myo-
cardial infarction included 46 men and 3 women whose
mean age was 51 ± 10 years (range 26 to 69). Each under-
went exercise electrocardiography as part of a routine pre-
discharge assessment between 10 and 21 days after hospi-
talization for acute myocardial infarction. In 82% (40 of 49)
of these patients, exercise testing preceded catheterization.
The most common reason for angiography was postinfarc-
tion angina, which was present in 59% (29 of 49) of these
patients. A positive exercise electrocardiogram or a marked
fall in exercise ejection fraction by radionuclide cineangi-
ography led to catheterization in 12% (6 of 49) of this group.
Other reasons for catheterization included malignant ar-
rhythmias associated with aneurysm (three patients): young
age (three patients) and general evaluation of underlying
extent of disease .
Q wave myocardial infarction was present in 32 patients
and non-Q wave infarction was present in the remaining 17
of the 49 consecutively studied patients. Q waves were dia-
phragmatic or posterior in 9 patients and anterior in 23
patients; non-Q wave myocardial infarctions were not lo-
calized . Three of the 49 patients had no significant coronary
artery disease, 17 had one vessel disease, 21 had two vessel
disease and 8 had three vessel disease . At the time of eval-
uation, 18% (9 of 49) were taking a beta-blocking drug,
and 10% (5 of 49) were taking digitalis . A nonconsecutive
additional six patients were then included because three
vessel disease was present at catheterization. There were
five men and one woman in this additional group, whose
mean age was 57 (range 50 to 68) years.
Exercise electtocardiography. All exercise electrocar-
diograms were performed on a treadmill using a standard
or modified Bruce protocol (10) . In patients with recent
myocardial infarction, exercise was limited to 65 to 75%
of maximal predicted heart rate and incorporated a 3 minute
initial period of walking at 1.7 rniles/h at 0% grade . Max-
imal heart rates were sought as the exercise end point for
patients with stable angina, but exercise was terminated
when necessary because of limiting chest pain, a fall in
systolic blood pressure, three or more sequential ventricular
premature complexes or limiting fatigue, dyspnea or diz-
ziness.
Slight differences in exercise protocol were unlikely to
affect test outcome . The mean peak heart rate achieved was
120 beats/min in the recent myocardial infarction group and
133 beats/min in the stable angina group . Among patients
with three vessel disease, peak heart rate was slightly lower
in the 14 patients with recent infarction than in the 18 pa-
tients with stable angina (108 versus 119 beats/min). How-
ever, 71% (l0 of 14) of patients with three vessel disease
and recent myocardial infarction were limited by chest pain
during exercise testing, suggesting that ischemia was pres-
ent.
ST segment/heart rate slope calculation. The rate-
related change in ST segment depression (the ST seg-
ment/heart rate slope) was calculated according to our pre-
viously reported modification (4-6) of the method reported
by Elamin et al. (1,2). The magnitude of ST segment depres-
sion, to the nearest 25 p,V (l mm = 100 p,V), was averaged
in three to four complexes from a point 70 ms after the J
point. ST segment displacements below the end of the PR
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Figure 1. Sensitivity and corresponding specificity of an ST seg-
mentlheart rate slope value of 6.0 /LV/beat per min for the iden-
tification of three vessel coronary artery disease (3v CAD) in
patients after recent myocardial infarction (MI) and in patients
with stable angina . with and without remote prior infarction . Al-
though specificity is high in each group and sensitivity is high in
patients with stable angina, test sensitivity is significantly reduced
in patients after recent infarct ion.
segment were measured at each available heart rate in leads
aVF, V5 and V6, and the ST segment/heart rate slope was
calculated from the linear regression data relating these vari-
ables. For each lead, the slope derived from linear regression
analysis of the final three data points at peak exercise was
compared with slopes obtained by incorporating progres-
sively earlier data . The highest slope with a statistically
significant coefficient of linear correlation from among the
three leads was selected as the test result.
Previous work from our laboratory (4) had demonstrated
that an ST segment/heart rate slope of 6.0 J.LV/beat per min
identifies patients with stable angina who have a high like-
lihood of three vessel coronary disease . A slope of 1.1
J.LV/beat per min has been found to separate angina patients
with and without coronary disease and to be highly specific
in normal subjects (2,6). These ST segment/heart rate slope
partitions are further tested in the present report .
Data analysis. Definitions of test sensitivity, specificity,
positive predictive value and overall test accuracy conform
to standard usage as previously reported (9) . Mean values
are presented with the standard deviation as the index of
dispersion. Comparison of means was performed using Stu-
dent's t test for unpaired samples. Comparison of propor-
tions was performed using the chi-square analysis with the
Yates correction for continuity.
Results
The ST segment/heart rate slope in stable angina. A
statistically valid ST segment/heart rate slope could be cal-
culated in all 58 patients with stable angina . The mean slope
in this group was 4.78 ± 4.76 J.LVtbeat per min (range 0.00
to 20.(0); it was 1.42 ± 1.63 (range 0.00 to 5.29) in the
16 patients with no significant coronary disease, 2.72 ±
1.89 (range 0.91 to 4.22) in the 4 patients with one vessel
disease. 3.51 ± 2.91 (range 0.00 to 12.77) in the 20 patients
with two vessel disease and 9.64 ± 5.02 J.LV/beat per min
(range 2.81 to 20.00) in the 18 patients with three vessel
disease. The ST segment/heart rate slope was significantly
higher in patients with three vessel disease than in patients
with no disease (p < 0.0(01) or with one vessel (p < 0.02)
or two vessel (p < 0.0001) disease.
Within the stable angina group , an ST segment/heart rate
slope greater than 6.0 identified patients with three vessel
coronary disease with high sensitivity. specificity and pos-
itive predictive value (Table 1). Accurate detection of three
vessel coronary disease using this criterion was found among
the 41 patients with no prior Q wave infarction, and also
among the 17patients with remote Q wave infarction (Fig . I) .
Six of seven patients with left main coronary artery disease
had a slope greater than 6.0; the one patient with a slope
of 4.7 had additional two vessel disease. The sensitivity of
an ST segment/heart rate slope greater than I .1 for identi-
fication of any coronary disease in patients with stable an-
Table 1. Detection of Three Vessel Coronary Artery Disease by an ST Segment/Heart Rate
Slope Greater Than 6.0 /LV/beat per min
Positive
Predictive Overall Total
Sensitivit y (% ) Specificity (%) Value (%) Accuracy (%)
Stable angina (n = 58) 89 (16 of 18) 95 (38 of 40) 89 (16 of 18) 93 (54 of 58)
With no Q wave MI 92 (II of 12) 97 (28 of 29) 92 (II of 12) 95 (39 of 41)
(n = 41)
With remote Q wave MI 83 (5 of 6) 91 (10 of II) 83 (5 of 6) 88 (15 0fI7)
(n = 17)
Recent MI (n = 55) 29 (4 of 14) 95 (39 of 41) 67 (4 of 6) 78 (43 of 55)
MI = myocardial infarction .
270 AMEISEN ET AL.
ST SEGMENT/HEART RATE SLOPE
lACC Vol. 8. No.2
August 1986:267-73
gina was 83% (35 of 42). Sensitivity for coronary disease
was 88% (22 of 25) in patients with stable angina and no
prior infarction, and 76% (13 of 17) in patients with stable
angina who had prior Q wave myocardial infarction.
The ST segment/heart rate slope after recent myo-
cardial infarction. Among 49 consecutively studied pa-
tients with recent myocardial infarction, 94% (46 of 49) had
significant coronary disease. A statistically valid ST seg-
ment/heart rate slope could not be calculated in six patients,
despite underlying coronary disease in each one. The mean
ST segment/heart rate slope was 3.52 ± 5.59 JLV/beat per
min (range 0.00 to 30.35) in the 43 patients with calculable
values; among these patients the mean slope was 0.59 ±
1.02 (range 0.00 to 1.77) in 3 patients with no significant
coronary disease, 1.51 ± 1.72 (range 0.00 to 5.00) in
17 patients with one vessel disease, 4.50 ± 7.10 (range
0.00 to 30.35) in 17 patients with two vessel disease and
7.88 ± 6.75 JLV/beat per min (range 0.00 to 18.7) in 6
patients with three vessel disease. The ST segment/heart
rate slope in patients with three vessel disease was signif-
icantly higher than in patients with no disease (p < 0.05)
and one vessel disease (p < 0.05), but the difference be-
tween values in patients with three vessel and two vessel
disease was not significant.
In the group with recent infarction, an ST segment/heart
rate slope greater than 6.0 identified patients with three
vessel disease with high specificity but poor sensitivity (Ta-
ble 1). Table 1 and Figure 1 show results for three vessel
disease combining data for both consecutive and noncon-
secutive patients after infarction. However, the findings were
independently significant in each subgroup. Of the eight
patients with three vessel disease from the consecutive re-
cent infarction series, only three (37%) had an ST seg-
ment/heart rate slope value greater than 6.0. This is signif-
icantly less than the test sensitivity for three vessel disease
in stable angina (p < 0.025). Three of the false negative
test responses after recent infarction were due to a slope
value less than 6.0, and two additional patients with three
vessel disease had a noncalculable slope value. Of the six
additional patients with three vessel disease, five had a cal-
culable slope value less than 6.0 (range 0 to 2) whereas
only one had a slope exceeding 6.0. Thus ST segment/heart
rate slope sensitivity for three vessel disease among com-
bined patient subgroups after recent infarction was only 29%
(4 of 14). This is significantly less than test sensitivity for
three vessel disease in patients with stable angina (p <
0.005). Two of the three patients with recent infarction and
left main coronary artery disease in addition to three vessel
disease had a slope greater than 6.0. These data do not
appear to be markedly distorted by the potential effect of
digitalis on the electrocardiogram. Of the seven patients
taking digitalis, one had an incalculable ST segment/heart
rate slope due to insufficient data points. Of the remaining
six patients, only one of three with three vessel coronary
disease had a slope greater than 6.0, whereas the three with
one or two vessel coronary disease had a slope of 5.0 or
less.
A statistically valid slope could not be calculated in 12%
(6 of 49) of consecutively studied patients after infarction,
each of whom had coronary artery disease. Further, a slope
of 1.1 or less was found in 38% (15 of 40) of the remaining
patients with recent myocardial infarction who had coronary
disease, including a false negative slope of 0 in 13 patients.
Thus, the sensitivity of an ST segment/heart rate slope greater
than 1. I for the detection of coronary disease after recent
infarction was only 54% (25 of 46).
Among 31 consecutively studied patients with recent Q
wave infarction a slope greater than 1.1 had a sensitivity
for coronary artery disease of only 42% (13 of 31). Test
sensitivity was only 32% (7 of 22) after recent anterior Q
wave infarction; 50% (11 of 22) of these patients with coro-
nary disease had a slope of O. In contrast, sensitivity of an
ST segment/heart rate slope greater than 1. I for the iden-
tification of coronary disease was 80% (12 of 15) in patients
with non-Q wave infarction (p < 0.05 compared with pa-
tients with Q wave infarction).
Discussion
Anatomic correlates of the ST segment/heart rate
slope. These data confirm previous reports from Leeds (1-3)
and from our laboratory (4,5) that demonstrate that the ST
segment/heart rate slope is a sensitive, specific and predic-
tive method for the identification of three vessel coronary
artery disease in patients with stable angina. Identification
can be made with greater accuracy than was previously
possible with standard methods of analysis of the exercise
electrocardiogram (11-18). The potential clinical value of
this finding is emphasized by recent studies (19-21) that
demonstrate higher morbidity and mortality in patients with
anatomically extensive disease. In contrast, our present ob-
servations demonstrate that the ST segment/heart rate slope
is significantly less sensitive for the identification of three
vessel coronary disease in patients studied during the pre-
discharge phase of acute myocardial infarction. Thus, in
stable angina but not after recent myocardial infarction, the
slope can be strongly correlated with the anatomic extent
of underlying coronary disease.
In addition, our present data demonstrate that the ST
segment/heart rate slope is also highly sensitive for iden-
tification of less extensive coronary disease in patients with
stable angina. Test sensitivity of 88% for any extramural
coronary obstruction equal to or greater than 75% luminal
diameter in patients with stable angina with no evidence of
prior Q wave myocardial infarction, in the context of pre-
viously reported test specificity in excess of 90% (6), sug-
gests that the ST segment/heart rate slope can improve the
clinical accuracy of exercise electrocardiography in the eval-
JACC Vol. 8, No.2
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uation of patients with a chest pain syndrome. Further, test
sensitivity for coronary disease remains high in patients with
stable angina who have electrocardiographic evidence of
remote Q wave infarction. Among patients with recent myo-
cardial infarction, high ST segment/heart rate slope sensi-
tivity for coronary disease is found in the recent non-Q wave
infarction group, but test sensitivity after recent Q wave
infarction is significantly reduced.
Functional correlates and limitations of the method.
A major criticism of the ST segment/heart rate slope has
been that variability of the functional significance of coro-
nary obstruction should make precise correlation with the
anatomic extent of disease unlikely (22), because variable
collateral flow, luminal obstruction, transmural perfusion
and loading conditions should independently affect the ex-
tent of ischemia (23-27). Previous reports from our labo-
ratory (4,5) have suggested that although the slope is highly
accurate for the identification of three vessel coronary dis-
ease, correlation with angiographic findings need not be
precise. Indeed, a high ST segment/heart rate slope has been
found in patients with stable angina who do not have three
vessel or left main coronary artery disease, but who have
significantly larger exercise-induced decreases in left ven-
tricular ejection fraction than similarly symptomatic patients
with a lower ST segment/heart rate slope (5). These obser-
vations highlight the additional correlative value of the ST
segment/heart rate slope as an index of the functional extent
of ischemia. Because recent reports (28,29) have suggested
that, independent of the anatomic extent of underlying coro-
nary obstruction, the magnitude of exercise-induced fall in
ejection fraction has prognostic value for morbid events in
patients with ischemic disease, the value of the ST seg-
ment/heart rate slope as a potential predictor of natural his-
tory in patients with stable angina requires further evalua-
tion.
Prospective testing of the ST segment/heart rate slope
therefore requires careful patient selection, because poor
sensitivity for detection of three vessel disease is present
after recent, but not after remote, myocardial infarction. It
is possible that admixture of patients with recent infarction
might partly explain the less accurate ST segment/heart rate
slope findings in two recent studies (7,8). The markedly
decreased slope sensitivity for the detection of coronary
disease when patients are studied shortly after infarction
stands in contrast to the significantly higher sensitivity of
this method for the detection of disease in our patients with
stable angina and in previous reports (1-3,6). A corre-
sponding reduction of sensitivity for the detection of coro-
nary disease after myocardial infarction also limits the use-
fulness of the standard exercise electrocardiogram (30-33),
particularly after transmural anterior wall infarction (31,32).
The mechanism for this decrease in sensitivity is not estab-
lished, but it may be due in part to persistent ST segment
elevation associated with recent injury or aneurysm (32,34).
The effect of recent infarction on the exercise ST seg-
ment/heart rate slope. The mechanism by which the sen-
sitivity of the ST segment/heart rate slope for coronary artery
disease in general, and three vessel disease in particular, is
reduced during predischarge testing and improves with time
after myocardial infarction remains unclear. In some of our
patients, no ST segment depression occurred with exercise,
and this resulted in ST segment/heart rate slope values of
zero despite obvious underlying coronary disease. Previous
reports (31,32,35,36) have demonstrated that standard ex-
ercise test criteria are more sensitive for the identification
of multivessel disease after recent infarction, because ad-
ditional ischemia not related to the infarct artery may be
present. Therefore, negative exercise test findings might be
explained by the absence of additional exercise-induced
ischemia if our patients with recent infarction and a low ST
segment/heart rate slope had single vessel disease (32,37).
However, absence of ischemia does not necessarily fully
explain our findings after infarction, because an ST seg-
ment/heart rate slope of zero was frequently found in patients
with multivessel disease as well as in those with single vessel
disease and because a large proportion of our patients de-
veloped angina with exercise. Alternatively, absence of ex-
ercise-induced ST depression after recent infarction is more
likely explained by insufficient opposition to the ST ele-
vation related to recent injury or to aneurysm (32,34), either
of which might account for a proportion of our negative test
findings. This hypothesis is supported by a recent experi-
mental study (38) suggesting that after acute coronary oc-
clusion, tachycardia-induced epicardial ischemia can result
in further shortening of epicardial action potential durations
with increased body surface positivity over the affected area.
Thus, after acute transmural infarction, exercise can result
in tachycardia-induced ST segment elevation. Correlation
of repolarization changes with wall motion abnormalities
and exercise-induced changes in ejection fraction should
help clarify these observations in future clinical studies.
Role of heart rate response in recent infarction. It is
unlikely that heart rate responses during exercise were in-
adequate to elicit underlying ischemia in our multivessel
disease patients after infarction, because peak heart rates
and mean heart rate changes were similar at end-exercise
in patients with recent and remote infarction who had three
vessel disease, and most patients developed angina. How-
ever, one observation regarding the heart rate response to
exercise in some patients with recent infarction may bear
on the several noncalculable ST segment/heart rate slopes.
Presumably because of reduced cardiac performance after
myocardial injury and possible deconditioning after hospi-
talization, patients with recent infarction occasionally had
large and irregularly progressive heart rate responses to low
level exercise, despite progressive ST segment depression.
In contrast, patients with stable angina and remote infarction
had a regularly progressive increase in heart rate throughout
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exercise. As a result, linear correlation of heart rate with
ST segment depression was occasionally impossible after
recent infarction. In addition, even when significant ST
segment/heart rate slopes could be calculated after recent
infarction, reduced ST segment depression combined with
large early exercise heart rate increments might have re-
sulted in slope values that were lower than expected for the
corresponding extent of disease in some patients. Improved
overall effort capacity by 2 months after infarction might
then explain the increase in ST segment/heart rate slope
sensitivity found in patients with remote infarction. This
suggestion requires further testing, but if true, an even
gentler exercise protocol than that used in the present study
might improve ST segment/heart rate slope accuracy in pa-
tients after recent infarction.
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